/ 

What is claimed is: 

1 >L. A catalytic complex comprising: 

2 \ a) a metal atom selected from the group 

3 \ consisting of ruthenium or osmium; 

4 \k) at least one anionic ligand ligated to said 

5 Vetal; 

6 c\ at least one nucleophilic carbene ligand ligated 

7 toNpaid metal; 

8 d) aXfurther ligand ligated to said metal; and 

9 e) a oarbon-containing ligand ligated to said metal, 

10 wnterein said carbon-containing ligand is 

11 selected\f rom the group consisting of 

12 alkylidene, benzylidene, indenylidene, vinylidene, 

13 and allenylide^ie . 

1 2. The catalytic co^bced of claim 1, wherein the anionic 

2 ligand is selected t/H&f the group consisting of halide, 

3 carboxylate, alkoxV^aTr^hoxy, and alkyl sulfonate. 

1 3. The catalytic/c®mp]/e^of claim 2, wherein the anionic 

2 ligand is chloride/ / \ 

1 4. The catalytic^ complex oA claim 1, wherein the 

2 nucleophilic carbene ligand comprises a carbene carbon 

3 further bonded to two heteroatVms having electronegativity 

4 greater than that of carbon, whXrein the heteroatoms are 

5 independently selected from the group consisting of 

6 nitrogen, oxygen, and sulfur. \ 

1 5. The catalytic complex of claim A wherein the 

2 nucleophilic carbene ligand comprises \a\ substituted or 

3 unsubstituted, saturated or unsaturateoV\ , 3-diheteroatomic 

4 cyclic compound. \\ 
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The catalytic complex of claim 1, wherein the complex 
is risked to a solid support by means of a link between 
said arfipnic ligand and said solid support. 




7. The catalytic complex of claim 1, wherein the complex 
is linked to X solid suppyrfBt by means of a link between 
said nucleophilic carbenfe/and said solid support 




0/ 



8. The catalytic cbmpyex Af claim 1, wherein the carbon- 
containing ligand seL&^zejz from the group consisting of 
alkylidene, vinyl ide*e^ansi allenylidene is further 
substituted with substituen%s selected from the group 
consisting of hydrogen, Ci-C 2 o\alkyl, C 2 -C 20 alkenyl, C 2 -C 2 o 
alkynyl, C 2 -C 20 alkoxycarbonyl, asn/1, Ci-C 20 carboxylate, Ci- 
C 20 alkoxy, C 2 -C 20 alkenyloxy, Cs-C^akylnyloxy, and aryloxy, 
optionally being substituted with Ci^Sa alkyl, halogen, Ci-C 6 
alkoxy, or with a phenyl group substituted with halogen, Ci- 
C 5 alkyl or C1-C5 alkoxy.. 

alytic complex of the formula: 

L 



C\t£ 



2 
3 

4 

5 

6 
7 
8 
9 
10 
11 
12 



X 1 , 



I ' R 

M=C=C 2 =C 3 



wherein M is Os\or Ru; 

C 1 , C 2 and C 3 are\p 2 -hybridized carbons, wherein _ 
either or both of C 1 and cNare optionally absent; 

R and R 1 are independently selected from the group 
consisting of hydrogen, Ci-C 20 aJJcyl, C 2 -C 20 alkenyl, C 2 -C 2 o 
alkynyl, C 2 -C 20 alkoxycarbonyl, ar^l, Ci-C 20 carboxylate, Ci- 
C 20 alkoxy, C 2 -C 20 alkenyloxy, C 2 -C 20 \kylnyloxy, or aryloxy, 
each R and R 1 optionally being substituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, or with a phenyl g<£Oup substituted 
with halogen, C1-C5 alkyl or C1-C5 alkoxy; 
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13 Nx and X 1 are independently selected from the group 

14 consistin^vof anionic ligands; and 

15 L anhvL 1 are selected from the group consisting of 

16 nucleophilic c^doenes, phosphine, sulfonated phosphine, 

17 phosphite, phosph^iite, phosphonite, ether, amine, amide, 

18 sulfoxide, carbonyl /V^itrosyl , pyridine and thioether, 

19 wherein at least one ofVjj or L 1 is a nucleophilic carbene. 

c complex according to claim jf, wherein 




The cata 




only one of L 





is a nucleophilic carbene. 



X 



tic complex according to claim lj/ r wherein one 
hosphine. . 

V2\ A catalytic complex according to claim Jf, wherein at 
least 2 of X, X 1 , L or L 1 are bonded together to form a 
multidentate ligand. ^ 

^£ A c^alytic complex according to claim wherein said 
nucleophili^ carbene is of the formula: 
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wherein 

Y and Y 1 are independently selected from the group 
consisting of hydrogen, cVc 20 alkyl, C 2 -C 2 o alkenyl, C 2 -C 2 o 
alkynyl, C 2 -C 2 o alkoxycarbon\l, aryl, Ci-C 20 carboxylate, C x - 
C 20 alkoxy, C 2 -C 20 alkenyloxy,N3 2 -C 20 akylnyloxy, or aryloxy, . 
each Y and Y 1 optionally being \ubstituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, or with a jshenyl group substituted 
with halogen, Ci-C 5 alkyl or Ci-C 5 aJkoxy and; 

Z and Z 1 are independently selected from the group 
consisting of hydrogen, Ci-C 20 alkyl, 6^-C 20 alkenyl, C 2 -C 2 o 
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al.kynyJSj, C 2 -C 2 o alkoxycarbonyl, aryl, Ci-C 2 o carboxylate, Ci~ 
C 20 alkoxV, C 2 -C 20 alkenyloxy, C 2 -C 2 o akylnyloxy, or aryloxy, 
each Z andXz 1 optionally being substituted with C1-C5 alkyl, 
halogen, Ci-^C6 alkoxy, or with a phenyl group substituted 
with halogen,\Ci-C 5 alkyl or C1-C5 alkoxy, 
and wherein th\ ring can be optionally aromatic by 
introduction of\i further double bond in the ring. 

r . A catalytic ^omplex of the formuia: 

+ 

Ar 

■ M=C=C 2 =C 3 ' 
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wherein 



C 2 and C 3 are sp^-hybridized carbons, wherein 



either or both of C 1 and C 2 We optionally absent; 



Ru; 



M is selected from th\ group consisting of Os and 



R and R A are independently selected from the group 
consisting of hydrogen, Ci-C 20 alkyl, C 2 -C 20 alkenyl, C 2 -C 20 
alkynyl, C 2 -C 20 alkoxycarbonyl, arVl, Ci-C 20 carboxylate, Ci- 
C 20 alkoxy, C 2 -C 20 alkenyloxy, C 2 -C 2 \ akylnyloxy, or aryloxy, 
each R and R 1 optionally being substituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, or with a phemyl group substituted 
with halogen, C1-C5 alkyl or C1-C5 alkNpxy;. 
X is an anionic ligand; and 
L is a nucleophilic carbene; ahd 
Ar is an aryl substituent, bonded to M by an n 6 




A catalytic con 



ilyftic complex according to claim jsi, wherein one 
of L or L 1 is a-^hosphine. 
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>£f . A' 



.cat^^rtic complex according to claim J^", wherein at 



least 2 of(X;\X^ L or L are ' bonded together to form a 
mujtidentate liq^od. 



muJ.1 




J^fc AScatalytic complex according to claim y£ f wherein 
said nuc^eophilic carbene is of the. formula: 



wherein 

Y and Y 1 \re independently selected from the group 
consisting of hydrogen, Ci-C 20 -alkyl, C 2 -C 2 o alkenyl, G 2 -C 2 o 
alkynyl, C 2 -C 20 alkokycarbonyl> aryl, Ci-C 20 carboxylate, Ci- 
C 20 alkoxy, C 2 -C 20 alkfcnyloxy, C 2 -C 20 akylnyloxy, or aryloxy, 
each Y and Y 1 optionally being substituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, oY with a phenyl group substituted 
with halogen, C1-C5 alkyl Yr C1-C5 alkoxy and; 

Z and Z 1 are independently selected from the group 
consisting of hydrogen, Ci-c\ alkyl, C 2 -C 20 alkenyl, C 2 -C 20 
alkynyl, C 2 -C 20 alkoxycarbonylX aryl, Ci-C 20 carboxylate, C x - 
C 20 alkoxy, C 2 -C 20 alkenyloxy, C 2 \c 2 o akylnyloxy, or aryloxy, 
each Z and Z 1 optionally being substituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, or with a ph\nyl group substituted 
with halogen, C1-C5 alkyl or C1-C5 alkoxy, 
and wherein the ring can be optionally\ aromat i c by 
introduction of a further double bond i\ the ring. 

1/8*. A method of making a nucleophilic carbene, said method 
comprising: 

a) contacting a substituted or unsubstituted 
aniline with an approximately one-half equimolar amount of 
paraformaldehyde under an inert atmosphere to make a first 
reaction mixture; 
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7 b) heating said first reaction mixture until said 

8 paraformaldehyde dissolves; 

9 c) adding an approximately one-half equimolar 

10 amount of a dialkoxyacetaldehyde to make a second reaction 

11 mixture; and 

12 d) heating said second reaction mixture for a time 

13 and under conditions sufficient to make a nucleophilic 

14 carbene. ' ^ 

1 ^w. The method of claim wherein said aniline is 2,4,6- 

2 tsimethylaniline . ^ 

1 2t®\ The method of claim 3/8, wherein said aniline is 2,6- 

2 dLisopropylaniline . 

1 The method of claim \^f r further comprising the step of 

2 hydrogenating the nucleophilic carbene to produce a non- 

3 aromatic nucleophilic carbene. 

1 2*2,. A method of perfoming ring closing metathesis, said 

2 methlbd comprising contacting a diterminal diene with a 

3 catalytic complex under conditions appropriate, and for a 

4 time sufficient to produce a cyclic alkene, wherein the 

5 catalytic complex comprises: 

6 a) a metk atom sel^bted from the group 

7 consisting ot rutHeAium or osmium; 

8 b) at least on^ffnionic ligand ligated to said 

9 metal; If 

10 c) at least on£^ucle>s*philic carbene ligand ligated' 

11 to said metal; 

12 d) a further ligand ligate&sto said metal; and 

13 e) a carbon-containing ligancNligated to said metal, 

14 wherein said carbon-contairhsng ligand is 

15 selected from the group consisting >s^f 
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,e, indenylidenej vinylidene, 




• and"allenylidene. 

23. The method of cla4m 22, wherein the catalytic complex 
has the formula; 

L 



R 



X' 



\ 



R 
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wherein M is Os on Ru; 

C 1 , C 2 and C 3 are sp 2 -hybridized carbons, wherein 
either or both of C 1 and c\ are optionally absent; 

R and R 1 are indeperidently selected from the group 
consisting • of hydrogen, Ci-Obo alkyl, C 2 -C 2 o alkenyl, C 2 -C 2 o 
alkynyl, C 2 -C 2 o alkoxycarbonyu. , aryl, Ci-C 20 carboxylate, Ci- 
C 20 alkoxy, C 2 -C 2 o alkenyloxy,\ C 2 -C 20 akylnyloxy, or aryloxy, 
each R and R 1 optionally beinb substituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, or witn a phenyl group substituted 
with halogen, C1-C5 alkyl or d-C 5 alkoxy; 

X and X 1 are independently selected from the group 
consisting of anionic ligandsA and 

L and L 1 are selected from the group consisting of 
nucleophilic carbenes, phosphine, sulfonated phosphine, 
phosphite, phosphinite, phosphomite, ether, amine, amide, 
sulfoxide, carbonyl, nitrosyl, pyridine and thioether, 
/herein at least v one of L or L 1 J\s a nucleophilic carbene. 



The method of c\aim 
carbene has the formula^ 




wherein the nucleophilic 
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4 wherein 

5 Y and Y 1 are independently selected from the group 

6 consisting of hydrogen, Ci-C 2 o alkyl, C 2 -C 2 o alkenyl, C 2 -C 2 o 

7 alkynyl, C 2 -C 20 alkoxycarbonyl, aryl, Ci-C 20 carboxylate, Ci- 

8 C 20 alkoxy, C 2 -C 20 alkenyloxy, C 2 -C 20 akylnyloxy, or aryloxy, 

9 each Y and Y 1 optionally being substituted with Ci-C 5 alkyl, 

10 halogen, Ci-C 6 alkoxy, or with a phenyl group substituted 

11 with halogen, Ci-C 5 alkyl or C!-C 5 alkoxy and; 

12 Z and Z 1 are independently selected from the group 

13 consisting of hydrogen, Ci-C 20 alkyl, C 2 -C 20 alkenyl, C 2 -C 20 

14 alkynyl, C 2 -C 20 alkoxycarbonyl, aryl, Ci-C 20 carboxylate, C x - 

15 C 20 alkoxy, C 2 -C 20 alkenyloxy, C 2 -C 20 akylnyloxy, or aryloxy, 

16 each Z and Z 1 optionally being substituted with Ci-C 5 alkyl, 

17 halogen, Ci-C 6 alkoxy, or with a phenyl group substituted 

18 with halogen, C1-C5 alkyl or C1-C5 alkoxy, 

19 and wherein the ring can be optionally aromatic by 

20 introduction of a further double bond in the ring. . 



•1 25. The method of claim £2, wherein the catalytic complex 
2 has the formula: 

+ 

R 
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Ar 



x " M=d=C 2 =C 3 ' 



R 



wherein 

C 1 , C 2 and C 3 are sp 2 -hVbridized carbons, wherein 
either or both of C 1 and C 2 ar* optionally absent; 

M is selected from the \group consisting of Os and 

Ru; 
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R and R 1 are independently selected from' the group 
consisting of hydrogen, &i-C 20 alkyl; C 2 -C 20 alkenyl, C 2 -C 20 
alkynyl, C 2 -G 20 alkoxycarbpnyl, aryl, Ci-C 20 carboxylate, Ci- 
C 20 alkoxy, C 2 -C 20 alkenyloWy, C 2 -C 20 akylnyloxy, or aryloxy, 
each R and R 1 optionally being substituted with C1-C5 alkyl, 
halogen, Ci-C 6 alkoxy, or viith a phenyl group substituted 
with halogen, C1-C5 alkyl oV C1-C5 alkoxy; 

X is an anionic ligand; and 

L is a nucleophilic carbene; and 

Ar is an aryl substi^uent, bonded to M by an q 6 

hpnd. 



The\method of claim 
carbene ha\ the formula: 




wherein the nucleophilic 
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wherein 

Y and Y 1 are independently selected from the group 
consisting of hydrogen, X^i-C2o alkyl, C 2 -C 2 o alkenyl, C 2 -C 2 o 
alkynyl, C2-C20 alkoxycarbonyl, aryl, C1-C20 carboxylate, Ci~ 
C 2 o alkoxy, C 2 -C 2 o alkenyloxys. C2-C20 akylnyloxy, or aryloxy, 
each Y and Y 1 optionally being substituted with Ci-C 5 alkyl, 
halogen, C1-C6 alkoxy, or with\a phenyl group substituted 
with halogen, C1-C5 alkyl or Ci-Gls alkoxy and; 

Z and Z 1 are independently, selected from the group 
consisting of hydrogen, C1-C20 alkyNL, C 2 -C 2 o alkenyl, C 2 -C 2 o 
alkynyl, C 2 -C 2 o alkoxycarbonyl, aryl\ Ci-C 2 o carboxylate, C x - 
C20 alkoxy, C2~C 2 o alkenyloxy, C 2 -C 2 o alcylnyloxy, or aryloxy, 
each Z and Z 1 optionally being substituted with C1-C5 alkyl, 
halogen, C1-C6 alkoxy, or with a phenyl Ngroup substituted 
with halogen, C1-C5 alkyl or C1-C5 alkoxy, 



38 




39 0 



